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Bacterial Wilt
 
of Potato
 
Pseudomonas solanacearum 

Objectives. Study of this bulletin enables you tu: 

" 	 explain the importance of bacterial wilt, 
* describe symptoms,
 
* 
 describe the causal organism and its classification,
 
" explain the epidemiology of Pseudomonas solanacearum,
 
* 	 list integrated control component. 

" 	 analyze resistance. 

Study materials 

e 	 Slides showing symptoms. (Do not transport infected material for demon
stration purposes, because you may disseminate the disease.) 

Exercises 

* 	 Observe symptoms and host range in the field. (Do not carry infected mate
rial out of the field. Clean shoes and implements after leaving an infected 
field.) 

" Examine oresence of bacteria in cut stem pieces as explained in Section 2. 
" Carry out the KOH test as explained in Section 2. 
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Questionnaire 

1 Wh; h hosts Iie affected by P. solanacearum in your country?
 

2 What damage is caused by bacterial wilt?
 

3 Describe a characteristic symptom of the disease in above-ground potato
 
organs.
 

4 How can toe presence of the hacterium in stems easily be demonstrated? 
Describ- method. 

5 How can latent infecticns il tubeis be detected? 

6 How cai becteril wilt and ring rot he diff rentiated in the field? 

7 Which races affect potatoes, aErd ii,which type of environment? 

8 What is the significance of pathovars? 

9 What .re the sources ot bacterial wilt inoculum? 

10 What Is the special problem of tubers with latent infections? 

11 How does the bacterium survive in the soils of your country? 

12 What is the relationship between the presence of nematodes and bacterial 
wilt incidence? 

13 How does temperature influence bacterial wilt development? 

14 What is the most 3ppropriate way to contro: the disease? 

15 List control components. 

16 Why may crop rotation not be the most practical measure where Race 1 
prr,dominates? 

,7 What is the source of rw5is .ance of potato to P. solanacearum? 

18 How effective is resistance to P. solanace.7rum in potato? 

19 Why should a field be 100 0,ofree of P. solanacearum in potato seed 
productior? 

20 Why is local screening essentia! irthe development of resistant varieties7
 

21 Which germplasm materials may be provided by CIP?
 

22 What are the characteristics of advanced cones?
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of Potato 
Pseudomnonas so/anac.arum 

1 Importance of bacterial wilt 
2 Symptoms 
3 Causal organism 
4 Epidemiology 
5 Control 
6 Resistance 
7 Additional study 

Bacte: ial wilt limits production of potatoes, especially seed potatoes, worldwide.
Appropriate chemical control measures that are practical and effective do not
exist. Other integrated control components, however, may be effective. A requiremeni for propel disease management is knowiedge about the causal organ
ism and its action. 
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1 IMPORTANCE OF BACTERIAL WILT
 

Pseudomonas solanacearurn affects more than 30 plant families, including crops 
and wild species. Highly susceptiblecrops are potato, tobacco, tomato, eggplant, 
chilli, bell pepper, and peanut. It limits growing of potatoes in Asia, Africa, and 
Central and South America, where it causes severe crop lusses in tropical, sub
tropical, and warrn emperatUre regions. It may also occur in cooler clinates 
such as at relatively high elevations in the tropics or highei latitudes. 

Quar arltiIe neIasuir es necessar y to avoid spread oi the disease to disease free 
areas often restrict the production of seed potatoes and limit the commerciali
zaton of ware potatoes, affectirg the economy of the quarantined rerions. 
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Pseudomonassolanacearum limits production of potatoes in many tropical, sub
tropical and warm temperate regions. The vascular ring, and later the whole 
tuber may disintegrate. 



2 SYMPTOMS
 

Pseudomonas solanacearum causes symptoms in both above and below ground 
organs of the potato plant. 

Above ground. Above ground symptoms are wilting, stunting, and yellowing 
of the foliage. Wilting caused by P. solanacearun resembles that which is caused 
by lack of water, other pathogens such as Fusarium or Verticilliurn spp., as well 
as insect or mechanical damage at the base of a stem. 

Characteristic is the initial wilting of only part of the stems of a plant, or even 
one side only of a leaf or stem. If disease development is iapid, entire plants wilt 
quickly. 

A cross section through a young diseased potato stem reveals brown discoloration 
of the vascular system. Upon slight pressure a milky slime may exude. In a lon
gitudinal section, the vascular system may show dark, nairow stripes beneath the 
epidermis. 

Tne milky slime exuding fIom stems (and tubers - see heow) indicates the ac
tivity of the bacteria within the vascular system. An easy dielonstlation shows 
the presence of P. solanacearrim in a stem: 

Cut a piece, 2 *o 3 cri long, from the base of the stem, and place it Inclear water 
in a glass container. It may be positioned holizontally by adhlesion to the edge 
at the water surface, or held with an opened paper clip. Within a tew mnutes, 
milky threads stream downward from one or both ends of the cut stem. 



glass container 

-potato stem piece 

7F milky bacterial threads 

clear water 

Ii 

Cut a piece, 2 to 3 cm long, from the base of the stem, and place it in clear water 
in aglass container. Within a few minutes, milky threads stream downward from 
the cut. 
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Below ground. External symptoms are not always visible on infected tubers. 
In case of severe infections, however, bacterial ooze collects at tuber eyes or 
stolon end, causing soil to adhere. 

A cut tuber often shows brownish discoloration of the vascular ring. Slight 
squeezing forces the typical pus-like slime out of the ring, or it oozes out natu
rally. Thc vascular ring, or the whole tuber, may disintegratc completely at 
more advanced stages of dise-3se (evelopment. 

Not all tubers of a wilted plant mniy bu affected, andr not all affected tubers may 
show symptoms. Latent infections can hee t,r'!cted by incu itinl tLbers at 30 
°C and high humirlity. After two to three weeks the typical tuber symptoms 
can be observed. 

Symptoms caused by P. solanacearuno may Ie confused with those caused by 
Corynebacteriurn sepedonicum (in ot). A major difference is that P. sola.tl 
nacearurn causes direct colapse of gremi plants, whereas ing rot wilting is 
usually associated with chlorosis, yellowing, and necrosis of foliage. 

In the laboratory, these two species of bacteria can be differeintiated by a stain
ing proceour L, known as the Gram reaction. P. soliacearumn is Gram negative, 
C. fepedonicum is Gram positive. 

Another differential test may be perforIedh (uickly with the ooze or the cultured 
b.lcteria: Place two drops of 3 0/0 KOH (potassium ilydioxide) on a glass slide. 
Transfer the bacteria with awooden toothpick and mix with rapid circular move
ments for 5 to 15 ;econds. The formation of a milky thread upon liftir.j the 
toothpick indicates the presence of P. so/anacearnim. C. sepedotCicwn does riot 
produce the thread. 
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Pseudomonas solanacearum causes symptoms in both above and below ground 
organs of the potato plant. Above ground the initial wilting of only parts of the 
plant is characteristic (above). Below ground, soil adheres to the bacteria; ooze 
in tuber eyes or stolon end. A cut tuber often shows a brownish discoloration of 
the vascular ring. Slight squeezing forces the typical pus-like slime out of the 
ring, or it oozes out naturally. The vascular ring, or the whole tuber, may disin
tegrate (below). 



3 CAUSAL ORGANISM 

Pseudcmonas solanacearum is an aerobic, rod-shaped, and Gram negative bac
terium, which is usually immobile. 

Great variation has led to two classification systems: the race system and the 
biotype system. 

Race system. Based on the host range under field conditions, four races 
can be distinguished: 

Race 1 affects a wide range of plant species including potato, tomato, eggplant,
tobacco, chilli, peanut, and several weeds. It is freqtuent in warmer areas, and at 
lower elevations in the tropics. 

Race 2 affects plants of the musaceae family such as banana, plantains, abaca, 
and He/iconia spp. 

Race 3 affects mainly potato. In contrast to Race 1, it is moe common at 
greater elevations or latitudes. 

Race 4 affect niLuhberrvY (in China).
 

Biotype system. In specialized biochemical 
 tests, five biotypes (I to V) can he
differentiated. Eliotype II coincides with Race 3, tiotype V with Race 4, and 
biotypes I, Ill, and IV are in Race 1. 

Independent of race or liotype differentiation are pathovars or strains. A path
ovar at one location may affect a host or potato vallety, but another pathovar 
may riot. 
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4 EPIDEMIOLOGY 

Wilting, tha moSt obVIOLIS Synr tOnl In the field, is possibly a result of restricted 
water movement dule to the foIInation of slime that SLIIIOUndS the bacterial 
masses in the stem xylem vessels. Bacterial wilt may ori(Iinate for two sources 
of inocUIlum: 

" in fected seed tuo ers, 

* infested soil. 

Infected seed tubers. Infected seePd tubers arl' the most common source of 
inoculurm; especially latent infections cause piobl ems. Seed tuhers produced in 
cool climates, SUCh as tropical elevations above 2500 in may not show any syrp
tools. When plant d at waimel locations, howeve', disease development may be 
severe. P. solaiacearum may be car id over Ionq distances throuoh infected 
seed tkLi)ers. 

Infested soil. P. solaoacearium is native in many tropical soils. Survival of the 
I)acteriln is influenced by tern),atuet, humidity, and other physical and chem
ical ;oil factors. II certain soils, P. so,'inacearum may surivi for many years, i) 
others the h010teriua may (dlsappear fIoir oie (ilowiin(I season to the next. 

Survival rItreils allso oil the I(:1 c involv,,d. Becausi., of its nurnerous hosts, Race 
1 usually persists for idily yeis, wlhas Race 3 tends to decline in a few years, 

as loll() as no potato voluntii eels help ti mdii tllfrll th( llocrulini. 

Locally, the (iSea e Call li' (lisserilina'ed by ir I igation watm and soil ,,lhering to 
shoes nnh tools. 

Infection is usually thI ounfh thne root system. The pathogen enters through 
wounds occurtinlg du il cultivation o nrtural rowth of secondary roots. Also 
root-knot lMeloidogynL aP. other nermatodes promote penetration of the; d(l 
bacter iurn by irnjuring tILe roots 
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P. solanacearum may spread from root to rooi during formation of secondary 
roots. Once the bacterium penetrates the roots, it multiplies and moves through 
the plant via the xylem vessels of stems and peioles. 

Disease development is mainly influenced by temperature. High temperature 
promotes bacteria! wilt development, and the bacterial population is reduced 
in cold soils. The optimu IT temperature for bacterial culture in vitro is around 
30 oc. In the field, disease symptoms usually appeal when days are above 20 IC 
and average soil temperatures above 14 0C. 

High soil moisture promotes suvival, infectivity, diease development, and 
sp;ead of the bacterium. Periodic drying, or flooding as in rice fields, reduces 
the viability cf the bacterium and disease incidence. 
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5 CONTROL
 

of its wide host range, itssurvivalControl of P. so/anacearutn is difficult beCfuLse 
Most appropriate is -inintegrated combina.in 'uil, and its biological variation. 

especially the following control components:tion of control measures. Consider 

of resistant varieties is the most practicalResistance. For the farmet, thu use 

control component (see Sect ioil 6). 

Health of seed tubers. Use only dise1se-free seed tubers. To assure freedorn 

from latent infction, seed tuhers shold origirnate from areas where the disease 

does not OCcLIr. 

Crop rotation. Crop otation with non-host )lants reduces the inoculum po

tential in the soil. Consider that volunteer plants rI)f potatoes, as well as weeds, 

especial ly those Iriori the Solinaceie family, ate hosts of P. solamirCearin?. 

Because oi the wide host rarrule, Cro) rotation Irryliot I e the most practical 

mea,Zsure whtew Race 1 pwdoirriwts. 

and stolons dhuling cultivation.Crop management. Avoid injry to roots 

It has been ohselved thlirlisease Inrcid(CtO is redLIC d under minimum tillage 

during the g(owirlq t;e'hOrl. Inl shaloW sols, r)r the otherlhrrhad, frequent tilling 

between (rowintl seasons wetrrrs t)I (fLICe 1t irrOclui. 

terractlollr, control nema-Nematode control. To i eduie rtrrritode-dismse Ill 

todes, especi;rlly Me/oido ite Sill). 

Chemical control. Clirical -ontitol is not )ossible at the moment. 

Quarantine. Once the disease is discovered to an area, transport of seed po

tatoers from this ila should he stopped 
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6 RESISTANCE 

The resistance to P. solanacearun available now in potatoes originates mainlyfrom Solanurn phureja and is ,.o:trolled by few genes. It is seldom expressed asImmunity since it is overcome by increasing theievel of factors favorable forthis disease: temperature, soil moisture, damage to the foot system, etc. Thus,resistance nay mean that fewer plants become inflicted.
 

Resistance is not general, hIt pathovar specific. Atpathovar 
at one locaticn mayovercome the resistance effective at another. Mor than one pathovar may occur 
in a given field. 

Since the expression of resist;.'ce is pathova and einviro. :t specific, an essential step in the development of resistant vaiieties is local Screening. 

The acc,"pt;rhle level of resistance depends on 
WheN 

the LIse of the potatoes produced.
LSeI f(.r consumptron, a ceUtaIn perclltage of infection may he tolerated.

In seed produLctio,, it is plUferalde not to t eat, z;ny bactrial v.ilt, because fewinfected seed tubers caIn spread the diseas, ovMe a wide area.
 

The development of resistant ch-r-oes is , prior ity objective of CIP. 
 CIP's blreedringeffort is also dirti:trd tOWLIItrS stability of baCtriarl wilt Isiltoince under warm

conditri.s and neInatode infestation
 

Diffe'mnt types of germp l(smmaerials may he?fIrVided by CIP: tuber families,
selectr.d clones, jirl advanced clones. 

Tuber families. AlthoLugh a tub,, family or iginates from the sante cross, eachresultinlg t!)er is a gereti:ally different clone. The individual clones might firstbe multiplied and then screened inthe field by intterplanting w:th asusceptible 
crop intan Ifdusted field. 

Selected clones. Sefected cloneIs or igirate! frot tuber families that haveahready been submnitted to resistance testing. They may he availahle insets of
five tubers 'erclone These can 'e further tSterl in a one-plot or randomized 
experimental design. 

Advanced clones. Advanced clones have gone thlouLh several cyclestesting and their agronomic 
of 

charac teistics have ben evaluated. T tey may be
further tested in a randomized block design. 
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To evaluate resistance it is usually possible to establish differences on the basis 
of number of plants that wilt during hc entire growing season (see French, 
1982). For finer diffetences, the degree of wilting at a given time may be 
evaluated using the following scala applied to each plant: 

State of plant Score 

Plant healthy 1
 
One leaf wilting 2
 
One-third of plant wilting 3
 
Two-thirds of plant wilting 4
 
Whole plant wilting or dead 5
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